
















A	 sensitive	 method	 for	 the	 simultaneous	 quantification	 of	 dechloranes,	 polybrominated	 diphenyl	15	
ethers	 (PBDEs),	 and	 novel	 brominated	 flame	 retardants	 (NBFRs)	 has	 been	 developed	 for	 gas	16	
chromatography	(GC)	coupled	to	tandem	mass	spectrometry	operating	in	electron	capture	negative	17	
ionization	(ECNI)	mode.	The	major	advance	has	been	achieved	by	combining	selected	ion	monitoring	18	
(SIM)	and	multiple	 reaction	monitoring	 (MRM)	modes	 in	well-defined	 time	windows,	 to	determine	19	
dechloranes,	 PBDEs	 and	 NBFRs	 at	 pg	 g-1	 level	 in	 one	 single	 analysis	 in	 complex	 matrix	 biological	20	
samples.	 From	 the	 chromatographic	point	of	 view,	efforts	were	devoted	 to	 study	 several	 injection	21	
modes	using	multimode	inlet	(MMI)	in	order	to	obtain	low	instrumental	detection	limits,	necessary	for	22	

























HFRs,	 the	 determination	 of	 PBDEs	 is	 still	 necessary	 for	 monitoring	 purposes	 and	 to	 assess	 their	47	
replacement	efficiency	[7,	8].	A	scheme	displaying	the	different	structures	of	the	investigated	HFRs	is	48	
shown	in	Figure	1.	49	
There	 is	 a	 large	 amount	of	 literature	 regarding	 the	 analysis	 of	 PBDEs	 and	novel	 brominated	 flame	50	
retardants	(NBFRs)	by	gas	chromatography–mass	spectrometry	(GC-MS)	and	GC-MS/MS	using	electron	51	









constitute	 a	 special	 case	 study,	 as	 they	 have	 quite	 a	 particular	 fragmentation	 behaviour.	 Several	61	
studies	have	investigated	the	different	fragmentation	of	anti-	and	syn-	DP	isomers	under	variable	ECNI	62	
4		
source	 temperatures,	 either	 in	 full-scan	 [17]	 or	 in	 SIM	 experiments	 [15],	 but	 not	 yet	 in	 MRM	63	
experiments.	  64	














Standards	 of	 BDE-28,	 -49,	 -47,	 -99,	 -100,	 -153,	 -154,	 -138,	 -183,	 and	 -209,	 1,2-Bis(2,4,6-79	
tribromophenoxy)ethane	 (BTBPE),	 syn-DP	 and	 anti-DP	 isomers,	 2-ethylhexyl-2,3,4,5	 tetrabromo-80	
benzoate	 (TBB),	 2,3,4,5-tetrabromophthalate	 (TBPH),	 hexabromobenzene	 (HBB),	 dechlorane-602	81	













Food	samples	 (including	biscuits,	 smoked	salmon,	and	chicken	eggs)	were	treated	as	 indicated	 in	a	94	




evaporated	 to	 dryness	 and	 reconstituted	 in	 100	 µL	 of	 the	 recovery	 standard	 (RS)	 (CB-207	 in	 iso-99	
octane:toluene;	9:1,	v/v)	and	transferred	to	amber	injection	vials	for	GC-ECNI-MS(/MS)	analysis.		100	
Serum	 samples	 including	 hyena,	 cheetah	 and	 lion	 (Zoo	 Antwerp,	 Belgium),	 sea	 eagle	 plasma	101	
(Trondheim,	 Norway)	 and	 human	 cord	 blood	 (Flemish	 Environment	 and	 Health	 study	 II	 –	 Flemish	102	























transitions	 for	 DPs	 were	 taken	 from	 reference	 [28],	 also	 considering	 the	 common	 fragmentation	125	















to	 the	 ion	 [M-6Cl]-	became	 the	most	abundant.	 Summarizing,	higher	 temperature	 source	provided	140	
more	energy,	hence	favouring	the	dissociative	electron	capture	process	and	increasing	the	abundance	141	
of	fragment	ions,	whereas	lower	temperatures	enhanced	molecular	ion	abundance.		142	
Accordingly,	after	obtaining	 low	collision	energies	as	 the	optimal	 for	 the	determination	of	DPs,	we		143	
theorized	that	low	source	temperatures	might	enhance	the	formation	in	the	ion	source	of	the	parent	144	
ions	for	the	DPs	transitions.	Hence,	source	temperatures	of	250	°C,	225	°C,	and	200	°C	were	tested.	An	145	
increase	 in	 the	 response	 of	 DPs	was	 seen	 at	 lower	 source	 temperatures	 (Figure	 2),	while	 too	 low	146	
temperatures	could	affect	the	sensitivity	for	PBDEs,	for	which	detection	relies	in	the	fragmentation	to	147	
the	bromide	 ion	m/z	79.	The	 temperature	of	200	 °C	was	hence	chosen	as	a	compromise	 for	 these	148	







To	maximize	 the	 signal	 obtained	 for	 each	 analyte,	 the	use	of	 the	multimode	 inlet	 in	 large	 volume	156	




solvent	 vent	 injections	 enhance	 the	 sensitivity	 for	 DPs	 as	 well	 as	 for	 the	 rest	 of	 the	 selected	161	
























for	 routine	 analysis	 and	 described	 elsewhere	 [25].	 The	 developed	 methodology	 allowed	 the	185	

























































































































































Compounds	 RT	 Q	 q	 iLOD	(fg	µL
-1)	
2	µL	 5	µL	SV	 10	µL	SV	
BDE	28	 8.05	 79	 81	 20	 10	 5	
BDE	49	 9.06	 79	 81	 20	 10	 5	
BDE	47	 9.26	 79	 81	 10	 5	 2.5	
BDE	66	 9.51	 79	 81	 20	 10	 5	
BDE	100	 10.36	 79	 81	 20	 10	 5	
BDE	99	 10.72	 79	 81	 20	 10	 5	
BDEs	85	 11.40	 79	 81	 20	 10	 5	
BDE	154	 11.69	 79	 81	 20	 10	 5	
BDE	153	 12.24	 79	 81	 20	 10	 5	
BDE	138	 12.95	 79	 81	 20	 10	 5	
BDE	183	 13.74	 79	 81	 20	 10	 5	
BDE	209	 21.04	 487	 489	 200	 100	 50	
HBB	 8.80	 79	 81	 20	 10	 5	
TBB	 10.65	 357	 359	 200	 100	 50	
DEC602	 10.70	 612	 35	 250	 120	 60	
DEC603	 13.30	 638	 35	 100	 50	 25	
BTBPE	 14.18	 79	 81	 20	 10	 5	
TBPH	 14.60	 384	 515	 100	 50	 25	
s-DP	 14.90	 654>35	 654>37	 1	 0.5	 0.25	
a-DP	 15.22	 654>35	 654>37	 0.5	 0.25	 0.125	





































140 °C (2	min); 30	°C/min	to	280	
°C;	5	°C/min	to	300	°C	(10	min)	 [M-H]




































Compounds LOD  (pg g-1) 
LOQ  
(pg g-1) Biscuits 
Smoked Chicken Hyena Cheetah Lion 
serum 






Plasma   Salmon Egg Serum Serum Blood Pool 
DEC602 1  2.5 <1 <1 <1 <1 66 12 <1 <1 5 <1 8 <1 14 
DEC603 1 2.5 <1 <1 <1 8 19 8 <2.5 <1 <2.5 <1 <2.5 9 <1 
syn-DP 0.03 0.10 <0.03 <0.03 <0.03 0.33 2.5 13 0.13 <0.03 9000 4 2680 1.95 <0.03 
anti-DP 0.05 0.15 <0.05 <0.05 <0.05 <0.15 6 18 0.19 <0.05 29000 6 3450 22 <0.05 
ΣDPs	 		   <0.03 <0.03 <0.03 0.33 9 31 0.32 <0.003 38000 10 6128 24 <0.003 
fAnti 		   -- -- -- -- 0.71 0.58 0.59 -- 0.76 0.4 0.56 0.92   
BDE 28 0.8 20 <0.8 <0.8 <0.8 <0.8 <20 <0.8 <0.8 <0.8 <0.8 <0.8 26 <0.8 <0.8 
BDE 49 0.3 1 <0.3 35 <1 <0.3 <0.3 <1 <0.3 <1 220 <1 70 1 12 
BDE 47 0.7 3 41 233 44 <3 11 4.5 <0.7 <0.7 540 6 455 3 16 
BDE 66 1 10 <1 <1 <10 <1 <1 <1 <1 <1 <1 <10 46 <1 <1 
BDE 100 0.4 4 9 51 6 <0.4 <0.4 4 <0.4 <0.4 440 7 270 4 4 
BDE 99 0.5  2 18 7 5 8 8 2 <2 <0.5 1390 26 587 3 6 
BDE 85 3 9 <9 9 <9 <3 <3 <3 <3 <3 20 <3 21 <3 <3 
BDE 154 0.05  0.22 1 22 <0.22 3 56 9 0.22 <0.05 340 2 126 1.4 2.7 
BDE 153 0.8 2 35 13 4 16 18 2 <0.8 <2 870 5 635 4 3 
BDE 138 0.3 1 1 20 2 <0.3 13 42 <0.3 <0.3 50 <0.3 58 <0.3 <1 
BDE 183 0.7 2 <0.7 <0.7 <0.7 <0.7 <2 <2 <0.7 <0.7 1900 4 1700 <0.7 3.5 
BDE 209 6 20 92 84 92 58 610 <6 <6 <6 12000 55 6650 26 1138 
ΣPBDEs     197 467 153 88 723 63 1.3 2 17800 105 10650 42 1185 
DBDPE 13  30 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 <13 
HBB 5  15 <15 <15 <15 <5 <5 <5 <5 <5 250 <5 50 <5 <5 
TBB 10  40 <40 <10 <10 <10 <10 <10 50 <10 <10 124 <10 <10 <10 
BTBPE 0.24  1 8 3 5 8 34 7.2 <1 <1 300 14 1990 4 4 
TBPH 5 15 72 32 53 <5 <5 <5 <5 <5 45 290 290 <5 159 
ΣNBFRs 		   94 44 60 8 34 7.2 50 -- 600 427 2325 4 163 
*<	xx:	below	the	respective	LOQ	or	LOD339	
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